Disease (CHD) patients with Diabetes Mellitus. This was a pretest-posttest designed prospective study among 163 diabetic and non-diabetic coronary heart disease patients enrolled from SAAOL Heart Center, New Delhi, India. Patients were divided into two groups-diabetic CHD group and non-diabetic CHD group. EECP treatment was given to both the groups for 35 day. After EECP treatment physical and clinical profile along with HRQoL of study participants was assessed. The physical profile of study participants was assessed using Cooper's 12 minutes' walk test, Canadian Cardiovascular Society (CCS) angina scale and Medical Research Council (MRC) dyspnea scale and HRQoL was assessed through SF-36 (short form) and Seattle Angina Questionnaire (SAQ) scale. The follow-up of both groups was done at 6th and 12th months. Collected data were assessed through IBM, SPSS software v 21. Descriptive analysis with sample t-test for two independent groups and paired sample t-test for EECP effectiveness within the group was done. A significant improvement was observed in blood pressure; heart rate, lipid profile angina and MRC score in both the groups at 6th and 12 month follow-up. A significant reduction was observed in blood sugar fasting, blood sugar postprandial (PP) and glycosylated hemoglobin (HbA1c) in diabetic CHD patients. A significant improvement was also observed in all health domains of SF-36 & SAQ scale HRQoL after EECP treatment. EECP therapy is an effective non-invasive method to treat diabetic and non-diabetic CHD patients. This therapy may improve both physical (physical functional capacity, angina, dyspnea) and clinical profile (lipid profile, lower the blood glucose level) in diabetic CHD patients. EECP may also improve clinical symptoms of CHD patients and lower the blood glucose level in diabetic CHD patients this may directly improve overall HRQoL of CHD patients with DM.
The mortality rate of diabetic CHD patients is two to four folds higher as compared to coronary heart disease patients without diabetes mellitus in India [5] [6] . Diabetic patients and coronary heart disease have the highest risk (20.2%) of myocardial infarction 7 . Age, family history, obesity, hypertension,unhealthy eating habits, Physical inactivity,smoking, excess alcohol, and stressare the common risk factors for developing CHD and type 2 diabetes mellitus [8] [9] [10] . In diabetes patients, the glucose unable to enter the cells and similarly the amount of glucose increase in the blood and on the other side cells deprived of fuel. Hyperglycemia or high level of blood glucose leads to the deposit of fatty acids and induce platelet activation and development of atherosclerosis very fast as compared to non-diabetic coronary heart disease patients 11 . Coronary artery of the diabetic patient exhibit a large content of lipid, atheroma, macrophage infiltration and have the greater chance of atherosclerosis plaque that is more vulnerable to rupture in diabetes as compared to non-diabetic coronary heart disease patients 12 .
Coronary heart disease patients can be treated with pharmacotherapy, percutaneous transluminal coronary angioplasty (PTCA), coronary artery bypass grafting (CABG), laser revascularization,gene therapy and EECP. Of these modalities, only EECP therapy is truly non-invasive and represents the effective clinical benefits in the profile of CHD patients 13, 14. After PTCA patiently becomes more susceptible to re-blockage, it is because of the stent that aside, is a foreign subject for patient body and his/her immune system act accordingly. This procedure is widely used but re-blockage occurs most frequently in PTCA treated patients as compared to naive 15 . After CABG symptoms of angina, dyspnea generally improves but some patients get very serious complications. The most important complication of CABG is operative death. Operative death is more common if patients have low pumping power, recent heart attack history, valve problems, and co-morbidity with diabetes and hypertension. So there is great need to pay specialattention to treat these life-threatening major complications 16 . Enhanced external counter pulsationis US-FDA approved non-invasive therapy for treatment of CHD patients, which are not suitable, unresponsive, and unwilling for PTCA and CABG procedures. Enhanced external counter pulsationtherapy increases retrograde aortic blood flow during the diastolic phase of heart pumping and provide long term improvement in clinical symptoms of coronary heart disease patients. The mechanical device called EECP comprises sequential compression over legs, thighs, and buttocks to direct blood flow towards the heart when it is in the resting position. This treatment is recommended for 35 hours, one hour per day for 7 weeks (5 days in a week) 17, 18 .
Several studies demonstrated the clinical effectiveness of EECP and prove the treatment as an adjuvant therapy for CHD patients [19] [20] [21] . International EECP Patient Registry (IEPR) showed significant improvements in angina and health-related quality of life in coronary heart disease patients. It also observed that EECP may also improve glycemic control in diabetes patients 22 , 23 . Several studies showed significant improvement in CCS classification, breathlessness, blood pressure, and lipid profile in CHD patients. But none of the study has compiled all clinical parameter in one study and not compared diabetic and non-diabetic CHD groups in the larger amount of sample.Hence, this study was designed to evaluate the effect of EECP on clinical profile and quality of life in CHD patients with DM.
Research methodology Study Design
This was a pretest-posttest designed prospective study, conducted among diabetic and non-diabetic coronary heart disease patients in Science and art of living (SAAOL) Heart Center, New Delhi.
Sample Size
A total of 212 subjectswere recruited based on consecutive sampling technique from SAAOL Heart Centre, Delhi. The sample size for this study was calculated with the assumption of 18% risk of CHD in the control group and 45% risk of CHD in diabetic patients with an allowable error of 5% (95% power) and 5% level of significance using the nMaster v2.0 software. Calculated sample size formula is given below:
Where p s was the proportion in the treatment group and p t was the proportion in control group. d is the superiority margin.
The minimum sample size was 85 for each study group with 20% loss to follow up from the total study sample 106 in each group.
Ethical Approval & Patient Consent
Prior initiation of study ethical approval for this study was obtained from the concerned authorities of study site (Ref. No.IEC/SHRF/ Ph.D/P-02/01.05.2016) and the written informed consent was obtained from all study participants before initiation of the study.
Study eligibility criteria Inclusion Criteria
Diabetic and non-diabetic CHD patients either sex, aged 30 years to 75 years, having Blood Sugar Fasting above 130mg/dl, PP above 180mg/ dl, and HbA1c above 6.5%.CHD patients who were not responded to current allopathic treatment and not willing for CABG & PTCA and Patients having cardiac clinical symptoms of angina and dyspnea. CHD patients coronary angiographic test diagnosed at least one vessels coronary artery disease (blockage in any 3 main coronary arteries RCA, LAD, LCX more than 60%) and CHD patients willing to participate and able to give valid written informed consent.
Exclusion Criteria
CHD patients having following clinical history such as Blood Pressure greater than 180/110 mmHg, LVEF level more than 60%, Diabetic patient having foot wounds, patients on dialysis and Pregnant women andCHD patients were not suitable or contradict to EECP treatment like as Patients having cardiac Arrhythmia, Coagulation disorder, Deep vein thrombosis, Vasoocclusive disease, Abnormal Aortic aneurysm, Cardiac valvular disorder and Patients were unwilling or unable to give valid written consent.
Study procedure
Initiation of the study was done through screening of diabetic and non-diabetic coronary heart disease patients and enrolled as per eligibility criteria. Total 301 participants were screened from SAAOL Heart Center, New Delhi for this study between November 2015 and May 2016. Out of 301 patients, 89 patients were excluded from this study, in which 51 subjects did not match the inclusion criteria completely and 38 subjects refused to give consent and 12 month follow-up.
Finally, 212 patients were recruited as they fulfill all study eligibility criteria and agree to participate and 12-months follow-up. The patients were allocated into two groups (DM+ CHD group and CHD group), each group had 106 patients.
After allocation, the demographic profile (age, gender, locality etc.), risk factors,clinical symptoms (CCS angina class severity and MRC dyspnea score), Physical functioning capacity,physiological and biochemical profile (systolic and diastolic blood pressure, heart rate, blood sugar levels and lipid profile), and healthrelated quality of life of the all study subjects wereassessed at baseline and followed at 6 and 12 months.
Measurements Physiological Measurements
Height and Weight of the participants was measured in centimeters and kilograms by using a Stature meter height tape of Bio-plus Company and Salter goal tracker weighing scale model 9063. Body mass index (BMI) was calculated using Quetelet's formula and weight in kilograms divided by the square of the height in meters (BMI=kg/m 2 ). Systolic and Diastolic Blood pressure of the study participant was measured by a trained personnel, using an automatic digital blood pressure monitor of Diamond Company (Diamond clock model B.P monitor). Pulse was measured using Choice MMed MD300C2D pulse oximeter and crosschecked by the manual method by an experienced doctor.
Biochemical Assessment
Blood sugar fasting was analyzed using GOD-POD method and blood sugar PP was analyzed after 2 hours of the meal by the same procedure used for blood sugar fasting and HbA1c was assessed using an immune-turbidimetry method. Total cholesterol of the participants was estimated by the CHOD-PAP method, triglyceride by GPO method, High-Density Lipoprotein (HDL) by immune inhibition method, Low-Density Lipoprotein (LDL) was calculated using standard formula; LDL-cholesterol = Total cholesterol -HDL cholesterol -VLDL, Very Low-Density Lipoprotein (VLDL) was calculated using standard formula; VLDL= Triglyceride /5, and the Non -HDL (High-Density Lipoprotein) was calculating using the standard formula; Non -HDL =Total Cholesterol-LDL = Non HDL.
Clinical Assessment
Angina and dysapnea (Breathlessness) status of all study subjects was assessed throughCanadian Cardiovascular Society (CCS) grading scale and Medical Research Council (MRC) scale by an experienced doctor.
Physical Functional Capacity
Physical functional capacity was assessed through Cooper 12-minute walk test,VO 2 max and SpO 2. In Cooper 12-minute walk test, patients advised to walk for 12 minutes on a flat track and covered distance was recorded with the physical status of the subject. VO 2 max is the measurement of utilization of the maximum amount of the oxygen by a study subject during 12-minute walking. VO2max (in ml/kg/min) was estimated using a standard formula from the distance score: VO2max = (22.35 x kilometers) x 11.29. SpO 2 that stands -peripheral capillary oxygen saturation, is the estimation of the amount of oxygen in the blood stream. It was assessed by Choice MMed MD300C2D pulse oximeter.
Health-Related Quality of Life (HR-QoL)
HRQOL of study participants of both the group (CHD and DM+ CHD group) wasevaluated by short-form health survey (SF-36) questionnaire and a disease specific questionnaire Settle Angina Scale (SAQ). Health-relatedQuality of life of both the groups was evaluated by asking questions of both questionnaires (SF-36 and SAQ) to study participants and the responses were noted as the answer. SF-36 is a non-disease specific instrument, containing of 36 questions, are divided into eight health domains, namely; physical functioning, social functioning, role limitations due to emotional problems, role limitations due to physical problems, bodily pain, vitality, mental health, and general health perception. The eight domains were scored from 0 to 100 indicating worst to best possible health status.
Settle Angina Questionnaire (SAQ)scale is a disease specific scale is a diabetes specific scale for assessing QOL of CHD patients; have 5 items covering domains; Physical Limitation, Angina Stability, Angina Severity, Treatment Satisfaction and Disease Perception. These five domains were scored from 0 to 100 indicating worst to best possible disease specific health related QoL. 
EECP Treatment
The ECP PSK machine having the model; P-ECP/TI was used for the treatment of diabetic and non-diabetic coronary heart disease patients. EECP,is an electro-mechanical device consist of three paired pneumatic cuffs applied to the lower leg, upper leg and buttocks. During treatment, the patient lies on EECP comfortable bedand cuffs are wrapped around patient's legs and buttocks for one hour per day for treatment with 280 mmHg pressure. The cuffs inflate and deflate at specific times between patient's heart beats. Cuffs inflate while the heart is at rest and deflate at the end of the rest period, just before next heartbeat. A continuous electro cardiogram (ECG), oxygen level and counter pulsation graph were monitored at the time of EECP treatment. An experienced doctor gives this EECP treatment for the one-hour session per Values are in mean (SD). Means differences within and between group are in mean (95% Confidence Interval), a negative change indicates a fall on average from baseline to 6 months and baseline to 12 months. Determined using repeated measures ANOVA a within groups comparison of mean difference, significant at p<0.05 are in bold letters Values are in mean (SD). Means differences within and between group are in mean (95% Confidence Interval), a negative change indicates a fall on average from baseline to 6 months and baseline to 12 months. Determined using repeated measures ANOVA a within groups comparison of mean difference, significant at p<0.05 are in bold letters day in seven consecutive weeks. All study subjects were followed up for 12 months after completion of EECP therapy.
Statistical data analysis
Collected data were analyzed with the help of Biostatistician using statistical package social sciences (SPSS) software version 21. Finally, 163 patients have been completed the whole study with 6, and 12 months the follow ups in which 82 participants were completed study follow-up from DM+CHD group and 81 from CHD group. Descriptive statistics with mean, percentage, Standard Deviation (SD) and chi-square was used to analyze the socio-demographic and clinical variables. Sample paired and independent t-test was used to assess significant differences of EECP within and between the DM+CHD and CHD group and data was analyzed with 95 % confidence interval with significant p-value <0.05.
RESULTS
Demographic and baseline characteristics assessment of diabetic& non-diabetic CHD patients Out of 212 patients, only 163 patients (82 participants from DM+CHD group and 81 patients from CHD group) were completed whole study with 12 months follow-up. The average age of study subjects were 59.6 ± 9.5 years.In this study the males participants (133)were higher as compare to female participants (30) .The total number of rural subjects was 85 and urban was Values are in mean (SD). Means differences within and between group are in mean (95% Confidence Interval), a negative change indicates a fall on average from baseline to 6 months and baseline to 12 months. Determined using repeated measures ANOVA a within groups comparison of mean difference, significant at p<0.05 are in bold letters. Total 48 subjects had a family history of heart disease in which diabetic CHD had higher percentage 62.5 % as compared to CHD group 37.5 %.Total 36 subjects had a family history of diabetes and the diabetic CHD group had higher percentage 83.3% as compared to CHD group 16.7%.In this study total 77 subjects having the habit ofsmoking in which CHD group had higher percentage 51.9% as compared to diabetic CHD group 48.1 % and 25 subjects having the habit ofchewing tobaccoin which CHD group had higher percentage 83% as compared to diabetic CHD group subjects 16%. Out of 212 patients 62 subjects were physically active and CHD group had higher percentage 53.2% rate as compared to diabetic CHD group 46.8 %.In this study total 102 subjects were full of stress out of 163 in which diabetic CHD group Subjects having higher 50.8 % stress as compared to CHD group 49.2%. In this study out of 163 patients, 99 patients were vegetarian and vegetarian rate was higher in diabetic CHD group 52.5% as compared to CHD group 47.5%. The non-vegetarian rate was higher 53.1% in CHD group as compared to diabetic CHD group 46.9%.
Total 71 subjects had a history of MI in which diabetic CHD group had higher percentage 54.9% of MI history as compared to CHD group 45.1%.Total 35 subjects had the history of PCI and diabetic CHD had the higher percentage 62.9 % as compared to CHD group 37.1% and 75 subjects had the history of CABG in which diabetic CHD group had higher percentage 58.7% of CABG as compared to CHD group 41.3%. A significant difference in CABG history in this study was observed.In this study higher number of single vessel CHD 70 was observed and lower number 43 of double vessel CHD was observed. The number of single vessel CHD was equal 50% in both the groups. CHD group had a higher number of double vessel 62.8% as compared to diabetic CHD group 37.2 %. The diabetic CHD group had higher 60% rate of TVD as compared to CHD group 40%.
Effect of EECP on physiological profile
There was a minute difference in BMI was observed in diabetic and non-diabetic CHD group at 6 th and 12 th month. A significant improvement was also observed in systolic BP, diastolic BP and pulse in both diabetic and non-diabetic CHD groupat 6 th and 12 th months of study follow up.That meansEECP treatment is effective and significantly improvesphysiological parameters of both the groups approximately equal after EECP treatment.
Effect of EECP on blood sugar levels
A significant reduction were observed in BSF, BSPP and HbA1c in diabetic CHD patients at 6 th and 12 th month follow-up after EECP treatment and this improvement in diabetic CHD patients can be due to the EECP treatment.
Effect of EECP on lipid profile
A statistical significant difference was observed intotal cholesterol, triglyceride, HDL, LDL, VLDL, and Non-HDL in both diabetic and non-diabetic CHD group at 6 th and 12 th month. EECP may improve lipid parameters in coronary heart disease patients.
Effect of EECP on clinical symptoms
A significant change was observed in CCS angina classification score at 6 th and 12 th month follow-up in both diabetic and non-diabetic group. MRC score also showed the significant improvement within diabetic and non-diabetic group.
Effect of EECP on Physical functional capacity
A significant improvement was observed in Physical functional capacity, Cooper 12 minute walk test, VO 2 max and SpO 2 at 6 months and 12 months follow up in both diabetic and non-diabetic CHD group.It means EECP may improve physical functional capacity in coronary heart disease patients with DM.
Effect of EECP on Health-Related Quality of Life
A statistical significant improvement was observed within both (diabetic & non-diabetic CHD) groups in almost all domains of SF-36 domains at 6 th and 12 months.Asignificant changewas also observed invitality, social functioning, and general health at 6 months between the groups. A statistical significant improvement was observed almost all domains of SAQ scale in both diabetic & non-diabetic CHD groups at 6 th and 12 months as results were assessed through the independent t-test.
DISCUSSION

EECP effect on physiological profile
The present showed a minute change in BMI mean in diabetic and non-diabetic CHD patients which is not statistically significant. A study by Peter A Cullough et al showed a beneficial effect of EECP therapy on CHD obese patients having a higher BMI and similar findings we observed in our present study19.
A significant change was observed in SBP,DBP and pulse within diabetic and nondiabetic CHD group at 6 and 12 months after EECP treatment but no statistical significant difference was observed between the groups.Studies done by Dockery et al, andBraith et al shows that EECP treatment can significantly decrease SBP and DBP 24, 25 . Several studies done by Nichols et al Kumar S et al and Subramanian R et al conclude that EECP treatment can reduce systolic and diastolic blood pressure in CHD patients 18, 20, 26 .
EECP effect on biochemical parameters
The present study showed a significant improvement in total cholesterol, triglyceride, HDL, LDL, VLDL, and Non-HDL within diabetic and non-diabetic group at 6 and 12 monthsafter EECP treatment that indicates the EECP is effective therapy to reduce cholesterol levels and improve HDL levels. Studies done by Braith et al and Tabary S Ziabakhsh et al observed in almost similar findings their studies hence they conclude that EECP maintain lipid profile 25, 27 . A statistical significant improvement was observed in BSF BSPP and HbA1c at 6 months and 12 months in diabetic CHD group subjects with significant p value <0.0001. Similarly studies done by GeorgiannLinnemeier and J S Martin et al concluded that EECP may effective, and welltolerated treatment for diabetic CHD patients 23, 28 .
EECP effect on Clinical Symptoms
The results of the Present study, showed a significant improvement in the clinical symptoms (angina and dyspnea) of diabetic and non-diabetic CHD patients after EECP treatment. A significant improvement was observed in CCS angina class score andMRC score ofboth diabetic and nondiabetic CHD group.
Studies done byKozdag et al and Beck et al showed similar finding with Present study that mean showed significant improvement in CCS angina class score and MRC scoreof CHD patients 29, 30 . Petterson et al and Loh et al conducted research studies on the effectiveness of EECP on clinical symptoms of coronary heart disease patients revealed that EECP treatment provides both short and long term positive improvements on clinical symptoms of coronary heart disease 31, 32 . OzlemSoran et aland Yavari et al studies conclude that EECP treatment had beneficial clinical effects and can improve clinical symptoms 33, 34 .A study done by Erlding A et al also demonstrated that EECP could be more effective in patients having the history of severe angina 35 . Our findings also verified the significant effects of EECP in patients having coronary heart disease.
EECP effect on Physical Functional Capacity
The results of the present study, showed a significant improvement in the physical functional capacity of diabetic and non-diabetic coronary heart disease patients after EECP and similar findings were reported by Rampenganet al and May et al in their study 36, 37 . Before EECP treatment our study subjects were mostly poor in physical functional capacity but after EECP treatment they significantly improved. A significant effect of EECP treatment on CCS angina class and dyspnea improvement has been observed in this study in diabetic and non-diabetic coronary heart disease patients. Studies done by Chung Kuan Wu et al &Ziaeirad M et al have shown similar findings 38, 39 . The results of our study are in agreement with Pettersonet al and Lohet al studies which have shown significant results on the effectiveness of EECP in patients with angina 31, 32 . Darren T Beck et al, and Casey DP et al study also indicated that EECP may be useful as an adjuvant therapy for improving functional capacity in CHD patients through reductions in blood pressure and improve myocardial oxygen demand for better physical functioning 40, 41 .
EECP effect on Health-Related QoL
The results of the present study showed significant improvement in health-related quality of life using both general SF-36 and disease specific SAQ scales in both diabetic and non-diabetic CHD patients. A study done by Arora RR et al reported a significant improvement in health -related quality of lifeespecially in physical activity, general health and bodily pain using both general SF-36 and disease specific SAQ scales in CHD patients 17 . Several studies done by Ziaeirad M et al et al. reported similar findings with present study that showed significant improvements in all domains of SF-36 a standard questionnaire of quality of life assessment 39 . A Manchandadone by et al similar findings with present study and showed good results of EECP in respect of the improvement in the quality of life of heart patients 19, 42 .
Several studies done by the scientists OzlemSoranet al, Ziaeirad M,and Nichols et alshows similar findings with present study and reported significant improvement in overall quality of life of CHD patients 26, 33, 39 . Study done by Eslamianet al concluded that EECP therapy can improve the angina pectoris stability and severity of disease perception. Similarly, our study demonstrates that both diabetic and non-diabetic coronary heart disease patients get good results in almost all domains of SAQ quality of life assessment scale.
Studies done by Georgiannet al, Martin et al and Ramasamyet al validate the effectiveness of EECP towards glycemic control in DM patients 20, 23, 28 . They conclude that EECP is an effective treatment forCHDand diabetes. It helps in lowering blood glucose level of alerting transport of insulin into skeletal muscle and thereby helps in glycemic control and ultimately improves the health-related quality of life of diabetic CHD patients. Our study reveals that EECP significantly improve the health-related quality of life and remained high for the following one year in diabetic and non-diabetic CHD patients. Jorgensen et al study demonstrates that the effect of EECP on quality of life sustained for three years in CHD patients 43 .
CONCLUSION
The results of the present study recommend that EECP is a safe, beneficial, noninvasive treatment for diabetic and non-diabetic CHD patients, those not respond to routine invasive treatment In this study a significant improvement was observed in Heart Rate, SBP, DBP, Cholesterol, Triglyceride, HDL, LDL, VLDL, Non-HDL, BSF, BSPP, HbA1C, SpO2, Vo2max, 12 minute walk and exercise tolerance in diabetic and nondiabetic CHD patients equally. This non-invasive procedure also significantly improves the clinical symptoms (angina & dyspnea) of CHD patients with and without DM. Enhanced external counter pulsation therapy may also improve overall healthrelated quality of life of diabetic and non-diabetic CHD patients, including angina severity, angina stability and general health.Hence, the present study concludes that the EECPmay improve physiological biochemical and clinical parameters with physical activity. This study also confirmed that EECP is well tolerated and proved to be an effective therapy for treatment of coronary heart disease patients with diabetes mellitus.
